Engineering is an amazing, challenging, and very broad field. It is divided into several disciplines and sub-disciplines. According to typesofengineeringdegrees.org, there are up to 40 different engineering degrees. Several sources, including US News and Wired Cosmos, state that there are not enough engineers in the United States to meet the market demand in the majority of these disciplines. How can we attract more students into engineering fields? Expose students to engineering early in their education. This paper focuses on "The Tour of Engineering" which is one class at a summer science program for rising 8 th and 9 th graders at the South Carolina Governor's School for Science and Mathematics. It describes the preparation, execution, student perceptions, and learning outcomes for a week-long (30 hour) class. This class exposed students to the world of engineering by doing hands on activities and learn about different types of engineering, improve problem solving and goal setting skills through team-building exercises, and self-assessments. The activities could be accomplished separately or progressively integrated into a final product. This allowed students to experience the challenges of early decisions in the design process constraining later choices. This paper will present both quantitative and qualitative results of the engineering summer class with recommendations for future activities.
Introduction
Engineering is an amazing, challenging, and very broad field. It is divided into several disciplines and sub-disciplines. Currently, there are up to 40 different engineering degrees 1 . Several sources, including US News 2 and Wired Cosmos 3 , state that there are not enough engineers in the United States (U.S.) to meet the market demand in the majority of these disciplines. However, a country needs highly educated professionals in engineering and more broadly in science, technology, engineering and mathematics (STEM) fields in order to be economically competitive in the global market. Recruiting students in STEM majors is not an easy task and several efforts have been undertaken in the U.S. and abroad. For example, the U.S. department of education committed to support and improve STEM education by supporting educational institutions, teachers and students in those areas 4 . Also, the European Union (EU) Lifelong Learning Programme funded the research program ATTRACT, Enhance the Attractiveness of Studies in Science and Technology, which focuses on four different aspects of increasing STEM workforce: (1) the attractiveness of being an engineer; (2) formal obstacles of entering engineering education; (3) attracting students to STEM; (4) retaining students 5, 6 . The global need for STEM major is evident but how can we attract more students into STEM fields? Numerous studies 5, 6, 7, 8, 9 have shown that exposing students to STEM fields early in their education is the best time to increase their interest for science, engineering, and technology. Furthermore, students in an early age may have the wrong perception of what professionals in those fields do 10 . Usually, for example, they associate engineering with just building or fixing things 8 or a profession for people who are good in math. Not having a clear picture of the wide range of possibilities after going into those fields, may discourage students from willing to pursue an engineering or science degree for a career. Studies have shown that even though young people do recognize the importance and contributions of science and technology into the betterment of society and improvement of our lives 11, 12, 13 , more than 65% are reluctant to select STEM fields for a career due to that lack of knowledge of what are the possibilities after entering into those fields 7 . Therefore, it is apparent that adults should focus more on introducing what selecting a STEM major may entails and the different profession options to young kids while they are still in the secondary education level. The South Carolina Governor's School for Science and Mathematics (SCGSSM) is offering innovative and challenging education opportunities to teacher and students across a state with hands-on, minds-on course, camp, workshop, professional development, and other STEM related offerings. One of the programs offers camp opportunities to rising 8 th , 9 th and 10 th graders during a residential summer science experience that last for a full week (>30 hours of learning activities). Camp courses vary from advanced 3-D printing and design to astrophysics, pre-med and others. This paper focuses on "The Tour of Engineering", one of the camps offered every summer. The course is targeting rising 8 th and 9 th graders and introduces students to several engineering disciplines. This paper will describe the course, how the course was executed, both quantitative and qualitative results of student perceptions and learning outcomes and give recommendations for future activities.
"Tour of Engineering" summer camp "The Tour of Engineering" exposed students to the world of engineering by doing hands-on activities, learning about different types of engineering, and improving problem solving and goal setting skills through team-building exercises, and self-assessments. The program is one week long and takes place in June or July. It is open to rising 8 th and 9 th graders. Interested students must apply for admission starting mid-February. Acceptance to the program is based on academic achievement and demonstration of scholarship and desire to be part of a challenging experience in science and math. After students are accepted to the program, they have to pay tuition to attend. Tuition covers the living expenses at the camp as well as related educational material. Financial aid is available for students that may not be able to afford the cost of the camp.
The program starts Sunday and ends Saturday. On Sunday, students check-in at the camp, are introduced to the program and have a one-hour class meeting for introductions. Monday to Friday, students are introduced to concepts and allowed to work on hands-on activities from 9 am to 4:30 pm, with one-hour lunch break from noon to 1 pm, in-between. On Saturday, there is a closing ceremony where students present what they learned and did throughout the week to the parents, teachers, and students from other classes. During the week, students were introduced to the following:
 What engineers do  All the types of engineering  Essential Teamwork and Leadership skills  The engineering design process  Civil Engineering  Mechanical Engineering
 Electrical Engineering
Even though students were introduced to all types of engineering, they only did hands-on, mindson activities on three major engineering disciplines: civil, mechanical, and electrical through a comprehensive project that combined the three.
Preparation
Engineering is quite a broad field so the instructor had to be very careful on how to introduce it to the students and how to make students interested in the subject as well as keep them engaged during the program since they had to spend about 6.5 hrs every day from Monday to Friday in the classroom. To achieve this, a balance among concepts, hands-on activities, and learning assessments was implemented. Part of the preparation was to formulate the right amount of educational material to guide students through the course.
First, a student notebook was prepared to help students keep track of notes, what was taught in class, and what they were experiencing in the different parts of the course. The notebook also included activities for students to do. For example, one of the first pages of the notebook contained a figure with 10 reasons to become an engineer and an activity for students to do in groups, i.e., the activity was "Discussion: Work with your group to discuss two of the above reasons to become an engineer. Share their thoughts with the class." (Please refer to Appendix A, Then, few PowerPoint slides were prepared to help student visualize what the instructor was teaching. The slides included more visuals than text and were distributed to the students at the end of each day. Some slide samples are provided in Appendix A, Figure A-2.
Since students had to implement the concepts they learned through small hands-on projects, supplemental material was prepared to guide them and help them through the activities or challenges (as presented to the students). For example, for the civil and mechanical engineering projects, students had to prepare reports that required information such as documenting how your team applied the engineering design process, create drawings, determine certain numerical values (weight, torque, etc.). What was provided to the students was a document with the questions they had to answer while working on and after completing their tasks.
Finally, a student friendly user guide was prepared for the software students had to use to start their project.
Activities

What engineers do/Types of Engineering
The week course started with introducing each other to 'break the ice' and make everyone feel welcome and excited about the course. Right after, students were introduced to what engineers do and the different types of engineering. Students had to discuss in small groups what they thought engineers do and then share it with the entire class. During the discussion, the instructor took every opportunity to express what tasks are common among all engineers such as problem solving, critical thinking, contribution to the society and others and then lead the discussion into reasons why someone could want to become an engineer. Students had always the chance to ask questions and express their opinion. The next part focused on the different engineering types, where the instructor mentioned that there are some more popular engineering types (civil, mechanical, electrical, chemical, etc.) but about forty degrees that someone could take in engineering 1 .
Essential Teamwork and Leadership skills
Following the introduction of the course, essential teamwork and leadership skills were part of the discussion of being a successful engineer. Teamwork and leadership are often identified as essential for being successful in the workforce 14 . All hands-on activities were designed to be in teams so students learn and apply those very important skills. In addition to those, communication and time management techniques were also presented.
The engineering design process/The comprehensive project
Next, emphasis was placed on the five major steps in the engineering design process. Figure 1 shows the picture used for the visual learners. Students were asked to implement this process when working on the hands-on projects and report what they discussed and how they addressed each step in their project reports. The projects or challenges as presented to the students to make them more excited were part of a comprehensive project that included civil, mechanical and electrical engineering concepts. Students had to use software to design a drawbridge and then build their bridge using K'nex. Following, they had to design and construct a mechanism to lift their bridge using Legos and, finally, an electrical circuit with lights to light the bridge. Some pictures of what student accomplished are included in Appendix B. More details about the individual challenges within the comprehensive project will be presented in the following sections. Students were randomly split in groups of two to work on their projects.
Civil Engineering
The first engineering discipline that the class focused on was Civil Engineering. After talking about what civil engineers do, the different possible routes you can take with a civil engineering degree, the different sub-disciplines in civil engineering (structural, transportation, geotechnical, etc.), and how structures are designed to hold loads, students were called to design and construct a drawbridge. Students were asked to use Bridge Designer 2015 16 to design their bridge following given guidelines in terms of span requirements, cost, and load specifications. Right after the design of the bridge, teams had to build their bridge using K'nex. An additional requirement was that if students could not build their design due to material limitations, they had to redesign the bridge or adjust the original design.
Mechanical Engineering
After all teams had built their bridge, mechanical engineering was introduced. The topics discussed were what mechanical engineers do, the sub-disciplines of mechanical engineering, and fundamental concepts like work, energy, power, torque gears and pulleys. Following this, students were assigned a second task: build a mechanical system that can lift or rotate your drawbridge using Legos. Constraints for that challenge included the dimensions of the system (e.g. the height of the system could not exceed ¾ of the length of the bridge) and the available resources (number and types of Legos). Students had also to take into consideration the dimensions and weight of their bridge.
Electrical Engineering
The last engineering discipline that students had a 'challenge' on was electrical engineering. What electrical engineers do and the respective sub-disciplines were the first information given to students. Then, concepts such as electrical energy, circuits, and resistors were explained. The challenge in this part was to create a circuit to light the bridge.
Other Types of Engineering
Since the class was broadly covering engineering, other disciplines (in addition to the above) including chemical, aerospace, biomedical, computer, and software engineering were discussed as well. The course concluded with what sustainability is and discussion on future innovations and projects engineers may be working on.
Student learning and perceptions
On Saturday, the last day of the program, students had to give a presentation on what they worked on and learned during the week. To get prepared, a few hours on Friday were spent on reviewing the knowledge gained through the course, and preparing and practicing for the presentation. The review of the knowledge was accomplished by giving to the students a short 40 answer quiz and then discussing the results. Below there are some questions that were included in the quiz:
1. What is the 2 nd step at the engineering design process? 2. What are the sub disciplines of civil engineering? 3. What is the force that tends to rotate or turn things called? 4. How can we change the torque and rate of rotation? 5. What is the unit of electric potential?
It was very positive that all students answered to 32 questions (80%) or more with the maximum score being 38 questions out of 40 (95%).
Students were also asked to answer five questions on the course topic before and after the course. The exact questionnaire is presented in Appendix C. The school had set a limit to five questions for the multiple pre and post-class questionnaire with representative conceptual questions. The percentage of right students' responses to each question is illustrated in Figure 2 for both the pre and post questionnaire. It can be seen that student performance to each question increased with the highest increase, 78%, at question 4 "Electric charge is measured in" and the lowest in increase, 12%, at question 5 "How are the devices used to interrupt the flow of electrons in a circuit called?". Actually, students confused what the switch and what the resistor do. Overall, examining both the results of the review quiz and the pre and post questionnaire, students did gain knowledge by attending the camp and working on hands-on activities that were carefully tied to the course material and fundamental engineering concepts.
Moreover, on the last day of the course, students had to answer several other questions about their experience at the course, camp in general and their interest in different topics and camps. Below are some representative questions and the students' answers (note that not all students answered all questions):
1. What is the most memorable thing that you learned in your GoSciTech class? a. "i liked building the bridges and how we worked in groups" b. "the way we had to do different things with our hands" c. "The designing and construction of the bridge and mechanisms.(Specifically the software)" d. "i enjoyed the environment provided. for example, the people having the same interests as me and the people knowing what I know because at school there are only a handful of people who understand things on the level I do." e. "I enjoyed my teacher and the activities we did in class like building bridges and making circuits." f. "I liked how you could express your creativity in your project in all the parts but complete a class total goal with completely different designs." g. "I enjoyed working with partners and how very hands on it was. We were able to actually get a taste of high school here, and I enjoyed how much enjoyable times and laughs we were able to have not only with our classmates, but along with our instructor." 2. What did you like least about your GoSciTech class? Be specific.
a. "N/A"; 33% of the class b. "I did not like the fast paced class and the fast paced learning. a few times, I fell behind to where I had no idea about what we were learning about. thankfully, we worked in groups and my group knew what was happening." c. "That some of the process were a little to short and I feel that I would like to spend more time on the hands experience and doing one more project. 
Conclusions/Future Recommendations
The "Tour of Engineering" summer camp introduced rising 8 th and 9 th grade students to several engineering disciplines and allowed them to work in teams on hands-on project in some of them. Students had many class hours a day and during the program, class time exceeded 30 hours. To make the class exciting, a comprehensive project that was combining civil, mechanical, and electrical engineering along with teamwork and leadership skills was given to the students in separate shorter tasks. All student teams were able to accomplish the goals of each task and complete the entire project successfully. At the end of the program, students took a 40-question quiz that demonstrated that they gained some knowledge during the camp. In addition, they took a pre and post survey that demonstrated student improvement on several concepts. Moreover, at the end of the camp, they answered to questions on what they liked the most and least about the course, how much they learned, if they recommend the class, and others. Overall, the program is successful in getting students excited about potential engineering careers and it seems that it helps them learn about different concepts in engineering.
In the future, the time allocated to each task of the project may be changed so students have more time to work on the activities that interested them the most. Students seemed to enjoy the open ended solutions where they could exercise their creativity and choice. Especially noted was the hands-on activities, which reinforced the more formal instructional part of each engineering discipline. Furthermore, upgrading the activity on electrical engineering will be considered since students seemed to want a more involved task in the part of the course.
Finally, the presentation to the other camp students, faculty and families was a great experience for everyone involved. Students were proud to show what they had done and learned throughout the week. Figure B -2 illustrates a student bridge using K'nex. Figures B-3 and B-4 show two examples of student drawbridges using K'nex along with the mechanical system the built to lift the bridge using Legos. Figure B -5 presents a picture that was taken the last day of the camp when students had completed their projects which included: Drawbridges using K'nex; mechanical systems using Legos; and electrical circuits using wires, LEDs, and switches. Figure B-5: Complete student project: Drawbridge using K'nex; mechanical system using Legos; and electrical circuit using wires, LEDs, and switches.
